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本文首先对目前用来生产 ARA 常用的微生物高山被孢霉（Mortierella 
alpina, M. alpina）的培养条件进行了研究，通过摇瓶实验考察了碳源、碳氮比、
初始 pH 值、接种量和微量元素等对 ARA 的影响。结果发现在培养基中使用葡
萄糖为碳源，碳氮比维持在 40:1 至 50:1 之间，初始 pH 6，接种量 10%，添加维
生素 B1 100 mg/L、维生素 B12 0.5 mg/L、生物素 0.5 mg/L、泛酸钙 120 mg/L 和
谷氨酸 1 g/L 是较优配方(优化培养基 A)。实验并且对比了使用单一氮源及混合
氮源对 M. alpina 发酵产 ARA 的影响，结果发现使用混合氮源更有利于 M. alpina
发酵产 ARA，混合氮源得到的 ARA 产量是使用单一氮源的 2 倍，且其含量占总
油脂的 44.5%，在此基础上获得优化培养基 B。 
其次，针对 M. alpina 在实验保存过程中易发生退化、老化，导致其耗糖能
力降低，直接影响到菌体对营养的摄入，从而导致菌体生长缓慢，油脂积累受阻
等问题，对 M. alpina 进行了高糖驯化研究，先用浓度梯度的 PDA 培养基驯化菌
种，再用驯化后耐受 10% 高糖 PDA 平板的菌种进行液体培养基逐级驯化。结果
表明，通过固体培养基及液体培养基的逐级高糖驯化，菌种耗糖能力得到提高，
由耗糖 3 g/(L·d)升至 12 g/(L·d)，对营养物质的摄入能力增强，高糖驯化后菌种
ARA 的含量较未驯化之前提高了近 4 倍。 
后，采用 2 L 发酵罐对 ARA 的生产进行了分批发酵实验。结果表明，采
用高糖驯化后的菌种在优化培养基 B 中培养可获得菌体生物量为 50 g/L，ARA



















Arachidonic acid (ARA) is one of omega-6 class polyunsaturated fatty acids 
(PUFAS), which has been widely applicated applied in medicine, food industry and 
other fields because of its various physiological functions such as promoting the brain 
development of infants and increasing immunity of human body. Traditional ARA 
mainly comes from animal oils, which is difficult to meet the demand of market 
Therefore, the production of ARA by cultivation of Mortierella fungi, which are 
thought to be the most prominent ARA source, has been widely reported and 
industrialized with the advantage of not subject to the advantages of the origin, raw 
materials, conditions, restrictions.  
In the present work, several strategies were applied to enhance ARA production 
by Mortierella alpina. According to the effects of several cultural conditions 
(i.e.carbon source, C/N ratio, pH, inoculum, and trace elements) on the mycelium 
growth and lipids accumulations, the optimum medium A was determined, which was 
composed of glucose as the cabon source, C:N ratio (40:1-50:1), pH 6, 10% of 
inoculum, VB1 100 mg/L, VB12 0.5 mg/L, VH 0.5 mg/L, calcium pantothenate 120 
mg/L and glutamate 1.0 g/L. The results of studying the composite nitrogen source 
and the single on ARA production showed that the composite nitrogen sources were 
considered to be favorable for enhancing ARA production. ARA yield in the medium 
contaning composite nitrogen source was 2 times higher than that obtained in the 
culture with single nitrogen source, and the percentage of ARA in total fatty acid was 
improved to 44.5%. The optimum medium B was attained based on the composite 
nitrogen source. 
In order to improve arachidonia acid (ARA) production, and prevent the 
degeneration of ARA-producing strain Mortierella alpina in long-term culture 
preservation and cultivation, which could lead to low consumption rate of substrates 
like carbon source, domestication of the high-sugar-tolerant were introduced to analyze 
the mechanism of ARA synthesis in Mortierella alpina. The strain was first 
domesticated in high-sugar PDA plate with gradient sugar content. The strain growing 
better in the solid medium containing 10% sugar was then selected and transferred to 
















experimental results showed that the domestication of the high-sugar-tolerant 
Mortierella alpina increased the consumption of sugar and the consumption of sugar 
increased from 3 g/(L·d) up to 12 g/(L·d). The yield of ARA produced by the 
domesticated strain was 4 times higher than that obtained by the original strain. 
Finally, ARA production of batch fermentation in 2 L bioreactor wereas studied. 
It showed that the biomass of 50 g/L and the ARA yield of 8 g/L were produced 
when the domesticated strain were used in batch fermentation with the optimized 
medium B. It may afford the foundation for the industrial production of ARA. 
 





































图 1.1 ARA 的结构示意图 




























智力和认知能力发育的损害。Prado M D 等[5]用同位素示踪法发现母乳里 90%的
ARA 主要来自于母体体内长期储存的 ARA，而非直接从肠道吸收的，所以产妇
在孕前或者孕期有计划地补充 ARA 是有必要的，研究表明，与用非强化 ARA
和 DHA 婴儿配方奶粉喂养的婴儿相比，用贝莱智力量表（Bayley Mental 
Development Index）测出的智商分数有明显的提高，平均 IQ 高出 7 分左右[6]。
1999 年我国卫生部正式批准 ARA 作为新型的营养强化剂，目前已经有近百个国
















目前除富含 ARA 的婴儿奶粉和液态奶外，国外还有添加了 ARA 的鱼类罐
头、乳酸饮料、鱼香肉肠、饼干、糖果及 ARA 鸡蛋等强化食品[11]。虽然与 ARA



















荨麻疹及接触性皮炎中，ARA 及其衍生物（尤其是 LTs）都发挥着重要的作用[13]。 
在国外，ARA 及其它多价不饱和脂肪酸可作为化妆品的天然原料，具有保护皮
肤湿润，延缓皮肤衰老以及治疗慢性湿疹，促进血液循环等作用。ARA 在功能








（EPO），ARA 需要经过 EPO 代谢后生成多种环氧化物发挥作用。离体和活体
实验都发现 5，6-环氧化物具有扩张血管作用。而 EPO 代谢物则能抑制血小板环

















































率。Friedrich M 等[27]分别用含有 1% ARA、1% DHA 以及 1%的两种高不饱和脂
肪酸混合饲料喂养大菱鲆幼鱼，结果发现含 1% ARA 喂养的试验鱼的生长率和
存活率均比其他两组高，而 1% DHA 低。 
在过去 20 年里，国内外广泛研究了鱼类必需脂肪酸的需求，一般认为，鱼
类对 ARA 的需求不高，由饲料(鱼肉和鱼油)中所含的 ARA 就可以满足，然而
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